Abstract. TGF-ß-stimulated clone-22 (TSC-22) was reported to be a differentiation-inducing factor which negatively regulates the growth of salivary gland cancer cells. In the present study, we examined the expression of TSC-22 in salivary gland tumors by immunohistochemistry. In pleomorphic adenoma (PA), most of the sparse myoepitheliallike tumor cells, which are considered as the differentiated cells because they produce extracellular matrix, expressed TSC-22. However, only a limited number of cases of the solid myoepithelial-like tumor cells in PA, which are considered as the growing cells, expressed TSC-22. In adenoid cystic carcinoma (ACC), inner ductal cells in the tubular structure, strongly expressed TSC-22, though the outer myoepithelial-like tumor cells did not express TSC-22. In the cribriform structure, myoepithelial-like tumor cells did not express TSC-22. However, a small ductal structure in the micro-cyst wall strongly expressed TSC-22. Sparse type myoepithelial-like tumor cells in ACC also expressed TSC-22. In mucoepidermoid carcinoma, epidermoid tumor cells and mucous-producing tumor cells in mucoepidermoid carcinoma frequently expressed TSC-22. Thus, the expression of TSC-22 was frequently observed in the cells with differentiatedphenotypes, although rarely in the cells with growing potentials. These results suggest that TSC-22 may play an important role in maintaining the differentiated phenotype in salivary gland tumors.
Introduction
TGF-ß-stimulated clone-22 (TSC-22) was originally reported as a TGF-ß-inducible gene in mouse osteoblastic cells, MCT3T3E1 (1) . Subsequently, rat TSC-22 (2) was isolated as a follicle-stimulating hormone inducible gene. Then we cloned human TSC-22 cDNA as a differentiation-inducing agent (vesnarinone)-inducible gene in a human salivary gland cancer cell line (3) . At the same time, some other laboratories released the cDNA sequence for human TSC-22 (4, 5) . Chicken TSC-22 cDNA (GenBank™) and a Drosophila gene (6) , shortsighted, which had homology to mammalian TSC-22 genes were also isolated. TSC-22 was reported to be up-regulated by many different stimuli such as TPA, choleratoxin, dexamethasone (1), follicle-stimulating hormone (2) , tumor necrosis factor-α, interferon-γ, interleukin-1ß, lipopolysaccaride (4), progesterone (7) and epidermal growth factor (8) .
We have been investigating the function of TSC-22 and have shown that TSC-22 negatively regulates the growth of salivary gland cancer cells (3, 9) . We have also clarified that the TSC-22 protein is localized in the cytoplasm (10) and that overexpression of the TSC-22 protein enhances the chemo- (10, 11) and radiation sensitivity (12) of salivary gland cancer cells in vitro and in vivo via the induction of apoptosis. Moreover, we demonstrated that the nuclear translocation of the TSC-22 protein from the cytoplasm is a key step in the induction of apoptosis in salivary gland cancer cells (13, 14) . Recently, we isolated human TSC-22 genomic DNA and analyzed the structure of the human TSC-22 gene and the transcriptional regulation of the TSC-22 gene by several differentiation-inducing drugs (15) . Thus, TSC-22 can be a molecular target for apoptosis-inducing therapy or differentiation-inducing therapy in salivary gland cancer (16) .
In order to use the TSC-22 protein as a molecular target for therapy, it is important to detect the expression and cellular localization of TSC-22 in normal salivary glands and in salivary gland tumors. However, there have been no previous reports in which the expression and cellular localization of TSC-22 in normal salivary glands and salivary gland tumors were examined. We demonstrated that the antibody, which was previously produced in our laboratory (3, 9) , worked well in immunohistochemistry on formalin-fixed, paraffinembedded tissues. In the present study, we examined the expression and cellular localization of TSC-22 in normal salivary glands, normal oral mucosa and salivary gland tumors by immunohistochemistry. We also analyzed the relation of the expression and cellular localization of TSC-22 in the tumor cells with the cellular-differentiation in salivary gland tumors.
Materials and methods
Patients and histopathological diagnosis. Thirty-seven cases of primary salivary gland tumors were examined in this study. Each tumor was surgically resected in our hospital from 1996 to 2005. The tumors did not receive any previous radiation therapy or chemotherapy. Normal salivary gland tissues and normal oral mucosal tissues, which were obtained during the surgical procedures for another disease, were also included in this study. All of the tissues were formalin-fixed and paraffinembedded. Sections (4-μm thick) were stained with hematoxylin and eosin for a histopathological diagnosis. Immunohistochemical staining. Sections (4-μm thick) were mounted on silane-coated glass slides, deparaffinized and rinsed. After antigen retrieval by microwave treatment in citric acid buffer (pH 6.0) at 95˚C for 10 min, the sections were immersed in 0.3% hydrogen peroxide in order to block endogenous peroxidase activity. Subsequently, the sections were reacted with or without the anti-TSC-22 primary antibody for 1 h at room temperature. The anti-TSC-22 antibody was produced in our laboratory (3, 8) . In brief, recombinant Glutathione-S-transferase (GST)-TSC-22 fusion protein was produced in Escherichia coli. MC1061 recA-, which was transformed by pGEX4T-2-TSC-22 and was purified with a glutathione-Sepharose column. This purified protein was used for the generation of the antibody. GST-TSC-22 fusion protein (300 μg) in incomplete adjuvant was injected into the rabbit. Two weeks after initial immunization, 300 μg of GST-TSC-22 fusion protein in incomplete adjuvant was injected and the boosting was repeated every 2 weeks for 8 weeks. Serum obtained from the rabbit was tested for immunoreactivity against the purified GST-TSC-22 protein by an enzyme-linked immunosorbent assay. Subsequently, the anti-GST-TSC-22 serum was precipitated in 50% ammonium sulfate twice and the anti-GST antibody was removed by GST-conjugated Sepharose-4B column. The anti-TSC-22 antibody was further purified by a GST-TSC-22-conjugated Sepharose-4B column. We confirmed that the antibody was suitable for Western blotting (9) and immunohistochemistry (unpublished observation). The sections were then incubated with the biotinylated secondary antibody in an LSAB kit (Dako, Carpinteria, CA) for 15 min at room temperature. After washing with cold phosphate-buffered saline, streptavidin-peroxidase solution in the LSAB kit was applied for 20 min. The sections were washed in cold phosphate-buffered saline and were then allowed to react with 3,3'-diaminobenzidine tetrahydrochloride solution and 0.03% hydrogen peroxide for 3 min at room temperature. The sections were finally counterstained with hematoxylin. When we replaced the primary antibody with phosphate-buffered saline, the clear staining in all of the cells had completely disappeared. 
Evaluation

Results
Expression of TSC-22 in normal salivary glands and other normal oral tissues.
The expression of TSC-22 in normal oral tissues including salivary glands was examined ( Fig. 1) and the results are summarized in Table I . TSC-22 was strongly expressed in salivary duct cells ( Fig. 1A and F) . Salivary duct cells were divided into three types of cells, intercalated duct cells, striated duct cells and excretory duct cells. All types of salivary duct cells were strongly positive for TSC-22. However, serous acinus cells (Fig. 1A ) and mucous acinus cells (Fig. 1B) were completely negative for TSC-22. Myoepithelial cells in mucous glands were faintly positive for TSC-22 (Fig. 1B ). Fatty degeneration (or fatty differentiation) was observed in the serous glands and the fat cells were positive for TSC-22 (Fig. 1A) . We also examined Table I . Expression of TSC-22 in normal salivary glands and other normal oral tissues.
-------------------------------------------------Type of cells and tissues
Expression of TSC-22 -
the expression of TSC-22 in salivary glands with inflammation. The expression pattern of TSC-22 in the inflammatory salivary glands was the same as that in the normal salivary glands (data not shown).
In other normal oral tissues, fibroblasts ( Fig. 1C and F) and endothelial cells (Fig. 1A and B and D-F) were strongly positive for TSC-22. In the stratified squamous cells, only basal cells were faintly positive for TSC-22 (Fig. 1C) . Neuronal cells were positive, though the neuronal fibers were negative (Fig. 1D ). Striated muscle (Fig. 1E ) was faintly positive, although the extracellular matrix ( Fig. 1C-E) , infiltrated lymphocytes, plasma cells and neutrophils (Fig. 1F) were negative for TSC-22.
In our previous study, we demonstrated that TSC-22 was clearly localized in the cytoplasm (13) . Therefore, we attempted to detect the cellular localization of TSC-22 in the tissues. In most of the normal cells, TSC-22 was immunohistochemically localized in the cytoplasm (Fig. 1) .
Expression of TSC-22 in benign salivary gland tumors.
The expression of TSC-22 in 21 benign salivary gland tumors [20 cases of pleomorphic adenoma (PA) and 1 case of myoepithelioma] was examined ( Fig. 2 and Table II ). The original sites of the tumors are shown in Table II .
In PA, myoepithelial-like tumor cells were divided into two types, sparse and solid. Sparse myoepithelial-like tumor (Tables II and IV, Fig. 2B) . Notably, when the solid myoepithelial-like tumor cells showed ductal differentiation, such differentiated cells strongly reacted to the TSC-22 antibody (Fig. 2B) . On the other hand, most of the sparse myoepithelial-like tumor cells expressed TSC-22 (Tables II and IV, Fig. 2C) . In a few cases, the solid myoepithelial-like tumor cells and the ductal differentiated cells did not express TSC-22 (Tables II and IV , Fig. 2D ). In myoepithelioma, TSC-22 was not expressed in the sparse and solid type myoepithelial-like tumor cells (Table II) . (Fig. 2 and Table III ). The original sites of the tumors are shown in Table III. In ACC, the staining pattern of TSC-22 was quite characteristic (Fig. 2E and F and Table III ). In the tubular structure, the inner duct-like tumor cells strongly expressed TSC-22, though the outer myoepithelial-like tumor cells did not express TSC-22 (Fig. 2E ). In the cribriform structure, myoepithelial-like tumor cells, which were major components of the micro-cyst wall, did not express TSC-22 (Fig. 2F) . However, the small ductal structure in the micro-cyst wall strongly expressed TSC-22 (Fig. 2F) . Sparse type myoepithelial-like tumor cells were found in 3 of the 8 ACC and all of these differentiated cells also expressed TSC-22 (Table III) .
In MEC, epidermoid cells in all 5 cases expressed TSC-22 ( Fig. 2G and Table III) . Furthermore, mucous-producing Table II . Expression of TSC-22 in benign salivary gland tumors. ------------------------------------------------------------------------------------------------ 
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a PA, pleomorphic adenoma; ME, myoepithelioma.
b Submand, submandibular gland; parotid, parotid gland; sublingual, sublingual gland. c ++, strongly positive; +, positive; -, negative; NI, cells were not identified in the tumor.
d Myoepithelial-like cells were divided into two types, sparse and solid. Sparse myoepithelial-like cells were considered as the differentiated cells which could produce extracellular matrix. Solid myoepithelial-like cells were considered as the growing cells.
e Negative in mucin-producing cells.
-----------------------------------------------------------------------------------------------------
tumor cells in 3 of the 5 cases of MEC expressed TSC-22 ( Fig. 2H and Table III ). In the Ca-ex-PA, sparse myoepithelial-like tumor cells and duct-like tumor cells expressed TSC-22, though solid myoepithelial-like tumor cells did not express TSC-22 (Table III) . Such an expression pattern of TSC-22 in the Ca-ex-PA was quite similar to that in benign PAs (Tables II and III) . None of the cell types in the polymorphous low-grade adenocarcinoma expressed TSC-22 (Table III) . In this study, the clear cell carcinoma composed of only clear cell carcinoma cells and such cells did not express TSC-22 (Table III) . Solid  ---------------------------------------------------------------------------------------------------- 
Relationship of the expression of TSC-22 with the tumor cell types. As shown in
----------------------------------------------------------------------------------------------------
-------------------------------------------------------------Myoepithelial d Duct Mucous squamous ------------------Sparse
a ACC, adenoid cystic carcinoma; MEC, mucoepidermoid carcinoma; PLGA, polymorphous low-grade adenocarcinoma; Ca-ex-PA, carcinoma ex pleomorphic adenoma; CCC, clear cell carcinoma.
b Submand, submandibular gland. Parotid, parotid gland; sublingual, sublingual gland. c ++, strongly positive; +, positive; -, negative; NI, cells were not identified in the tumor.
d Myoepithelial-like cells were divided into two types, sparse and solid. Sparse myoepithelial-like cells were considered as the differentiated cells which could produce extracellular matrix. Solid myoepithelial-like cells were considered as growing cells.
- Table IV . Summary of the expression of TSC-22 in pleomorphic adenoma, adenoid cystic carcinoma and mucoepidermoid carcinoma. - (Table IV) . The percentage of the expression of TSC-22 in sparse myoepithelial-like tumor cells and duct-like tumor cells was significantly higher than that in solid myoepitheliallike tumor cells in PA and ACC (Table IV, 
Discussion
There are several reports of the functional or expression analyses for the TSC-22 gene, which is known to regulate the growth and differentiation in several cell types (1) (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) . However, only a few reports showed the immunohistochemical expression and localization of the TSC-22 protein on paraffin-embedded tissue sections (18, 19) . The reason why there are only a few reports on the immunohistochemistry of TSC-22 is that the antibody, which can work on formalinfixed, paraffin-embedded tissue sections, is not commercially available. In our previous study (9), we produced a specific antibody for TSC-22 and demonstrated that the antibody can be used for Western blotting and ELISA. In this study, we showed that our specific antibody for TSC-22 clearly visualized the expression and localization of TSC-22 on formalin-fixed, paraffin-embedded tissue sections.
It is well known that salivary gland tumors consist of several tumor cell components, such as myoepithelial-like tumor cells, duct-like tumor cells, acinus-like tumor cells, epidermoid-like tumor cells, mucin-producing tumor cells and tumor cells with mesenchymal differentiation (17) . There are several reports concerning the direction of differentiation in salivary gland tumors or the tumor stem cells of salivary gland tumors (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Sato et al established a cultured salivary gland tumor cell line, HSG (21) and investigated the differentiation potentials of HSG cells (22) (23) (24) (25) (26) . They reported that HSG cells maintained a phenotype with salivary intercalated duct cells, and could differentiate into several cell types, such as myoepithelial-like cells (22) , acinus-like cells (22) , squamous cell-like cells (23) , chondrocyte-like cells (24) , neuronal cell-like cells (25) and osteoblast-like cells (26) . It was concluded that the HSG cells or transformed intercalated duct cells might be the tumor stem cells for several components of the salivary gland tumors. On the other hand, under the basis of the observation of histopathology of salivary gland tumors, Aigner et al (27) and several other pathologists (28) (29) (30) (31) (32) (33) reported that myoepithelial-like tumor cells might be the tumor stem cells or procurer cells for several components in salivary gland tumors (22) (23) (24) (25) (26) (27) (28) .
In this study, we demonstrated that in PA, TSC-22 was rarely positive in the solid myoepithelial-like tumor cells, which might be growing cells, however, TSC-22 was consistently positive in the sparse myoepithelial-like tumor cells, which might stop growing and start to produce extracellular matrix. Thus, the sparse myoepithelial-like tumor cells can be considered to be differentiated cells in the salivary gland tumors. Additionally, in PA and ACC, the cells, which lined the luminal surface of the ductal structure, strongly expressed TSC-22, though adjacent solid myoepithelial-like tumor cells were completely negative for TSC-22. These observations indicate that the TSC-22-positive luminal cells (ductal cells) might be differentiated from the adjacent solid myoepithelial-like cells. Thus, the expression of TSC-22 was frequently observed in cells with differentiated-phenotypes, though rarely in the cells with growing potential. These observations are compatible with those of our previous reports, in which cultured salivary gland tumor cells were used for the experiments. Moreover, our results and interpretation may support the hypothesis proposed by Aigner and other pathologists, in which myoepithelial-like tumor cells were the tumor stem cells or procurer cells in salivary gland tumors.
We compared the expression pattern of TSC-22 with the clinical outcome in the patients with salivary gland tumors. However, in this experiment, it was hard to evaluate the role of TSC-22 in PA for predicting tumor recurrence. Moreover, there was no clear relationship between the expression pattern of TSC-22 and the metastatic potential of the ACC. Since salivary gland tumors consist of several tumor cell components and because the expression of TSC-22 in the tumor is very limited to the specific cells, it is hard to discuss the implications of TSC-22 expression with the clinical outcome of the patients. However, TSC-22 plays an important role in maintaining a differentiated phenotype, in other words, the reduction of malignancy, in salivary gland tumors. Although TSC-22 cannot be a predictive or prognostic marker for salivary grand tumors, we propose that TSC-22 is a key molecule in salivary gland differentiation and can be used as a molecular target for cancer differentiation therapy in salivary gland cancer. Thus, the analysis of the precise role of TSC-22 in tumor development and progression may pave the way to a novel differentiation therapy on solid tumors, including salivary gland tumor.
